Background: Asthma is a heterogeneous disease of the airways that involves several
| INTRODUCTION
Asthma is characterized by reversible airway obstruction, airway remodelling and mucus production, together with increased pulmonary inflammation. 1 Granulocytic cells observed in pulmonary inflammation of asthmatic patients can comprise eosinophils, neutrophils or a mixture of both cell types. 2 Eosinophilic inflammation is induced by interleukin (IL)-5, a type 2 cytokine produced by both Th2 cells and innate lymphoid cells type 2 (ILC2s). 3 Neutrophilic inflammation is triggered by IL-8 produced by airway epithelial cells after activation by IL-17. 4 IL-17 furthermore contributes to asthma symptoms, because (a) it induces airway remodelling by promoting fibroblast proliferation, (b) reduces apoptosis of smooth muscle cells and (c) increases the expression of mucin genes in airway epithelial cells. [5] [6] [7] Th17 cells primarily produce IL-17 and Th17-associated neutrophilic inflammation is particularly found in late-onset asthma patients with a severe phenotype. 8, 9 Unfortunately, severe asthma patients are often unresponsive to corticosteroid treatment, leading to frequent asthma exacerbations and higher morbidity. 2 Neutrophils and Th17 cells are likely contributing to this phenotype, as both cell types are corticosteroid insensitive. [10] [11] [12] Therefore, it is imperative to investigate the contribution of IL-17-signalling to the development of neutrophilic asthma.
Dendritic cell (DC) activation is essential for Th cell differentiation as antigen load, expression of costimulatory molecules, and DC-derived cytokines determine whether Th2 or Th17 cell differentiation is induced. 13 DC activation is controlled by TNFAIP3 (TNFα-induced protein 3, also known as A20), an ubiquitin modifying enzyme that deubiquitinates several key intermediate NF-κB signalling molecules, and thereby controls NF-κB-mediated cell activation. 14 TNFAIP3 is also implicated in Th2-associated disorders, as genetic polymorphisms in TNFAIP3 and TNFAIP3 interacting protein (TNIP) have been associated with risk of developing allergies and asthma. 15 , 16 Recently, we found that increasing the activation status of DCs by ablation of the Tnfaip3 gene in myeloid cells induced a neutrophilic inflammation in house dust mite (HDM)-mediated asthma protocols, which was accompanied with enhanced number of IL-17-producing CD4 + T cells. 17 To investigate whether the HDM-driven neutrophilic airway inflammation is dependent on IL-17, we crossed myeloid-specific
Tnfaip3 knockout mice (Tnfaip3 LysM-KO mice) 18 to Il17ra KO 
mice, generating Tnfaip3
LysM Il17ra KO mice, in which IL-17A, IL-17E and IL-17F-signalling are disabled. 19 Absence of IL-17RA-signalling in Tnfaip3 LysM-KO mice does not significantly affect neutrophilic inflammation, most likely due to enhanced amounts of IL-1β and IL-6 that can also promote the production of several neutrophil chemo-attractants.
| MATERIALS AND METHODS

| Mice
Male and female C57BL/6 mice harbouring a conditional Tnfaip3 allele between LoxP-flanked sites 20 
| HDM-induced allergic airway inflammation
During intranasal (i.n.) exposures, mice were anesthetized using isoflurane. On day 0, mice were sensitized with 1 μg/40 μL HDM (Greer Laboratories Inc, Lenoir, NC, USA) i.n. or with 40 μL PBS (GIBCO Life Technologies, Carlsbad, CA, USA) as a control and challenged with 10 μg/40 μL HDM on days 7-11. Four days after the last challenge, bronchoalveolar lavage (BAL), lung and mediastinal lymph node (MLN) were collected. solution, or snap-frozen in liquid nitrogen, and kept at −80°C until further processing for histology. The left lung was used for flow cytometry. Single-cell suspensions of the left lung were obtained by digesting using DNase (Sigma-Aldrich) and Liberase (Roche, Basel, Switzerland) for 30 minutes at 37°C. After digestion, the lungs were homogenized using a 100-μm cell strainer (Fischer Scientific, Waltham, MA, USA) and red blood cells were lysed using osmotic lysis buffer (8.3% NH 4 CL, 1% KHCO 3 , and 0.04% NA 2 EDTA in Milli-Q). MLN and spleen were isolated for flow cytometry, for which they were homogenized through a 100-μm cell strainer.
| Cell suspension preparation
| Flow cytometry procedures
Flow cytometry surface and intracellular staining procedures have been described previously. 23 Monoclonal antibodies used for flow cytometric analyses are listed in Table S1 . 
| Lung histology
Six-μm-thick paraffin-embedded lung sections were stained with periodic acid-Schiff (PAS) to visualize goblet cell hyperplasia.
| Cytokine mRNA assessment by quantitative real-time PCR
Homogenized left lower lung lobe was used to isolate and purify total RNA using the GeneElute mammalian total RNA miniprep system (Sigma-Aldrich) and RNA quantity was determined using a NanoDrop 
(VWR International
| Statistical analysis
All data were presented as means ± SEM. Mann-Whitney U tests were used for comparison between two groups, and a P-value of < 0.05 was considered statistically significant. All analyses were performed using Prism (Version 5, GraphPad Software, La Jolla, CA, USA LysM-KO Il17ra KO mice ( Figure 1B ). Monocytes and neutrophils (gated as shown in Figure S1 ) were significantly increased in 8-week-old Tnfaip3 LysM-KO mice in comparison with WT mice ( Figure 1C ,D), however only neutrophils were significantly increased in 18-week-old Tnfaip3 LysM-KO mice compared to WT mice ( Figure 1D ), confirming previous findings. 18 Interestingly, both neutrophils and monocytes were significantly increased in 18-
week-old Tnfaip3
LysM-KO
Il17ra
KO mice compared to Tnfaip3
LysM-KO mice ( Figure 1C ,
D). Despite elevated monocyte and neutrophil numbers in Tnfaip3
LysM-KO Il17ra KO mice, the macroscopic and microscopic arthritis phenotype was similar between Tnfaip3 LysM-KO mice and Tnfaip3
LysM-KO
Il17ra
KO mice ( Figure S2 ).
As IL-17 controls its own expression in CD4 + T cells, 25 we assessed conventional TCRαβ T cells and γδ T cells in the spleen (gating shown in Figure 1E ). Total CD4 + T helper (Th) cell numbers
were not different between the genotypes in 8-week-old mice, but were significantly increased in 18-week-old Il17ra KO mice compared to WT mice ( Figure 1F ). Splenic RORγt + Th17 cells were elevated in
8-week-old Tnfaip3
Il17ra
KO mice compared to Tnfaip3
LysM-KO mice, but this was no longer seen in 18-week-old mice ( Figure 1G ).
Only 18-week-old Il17ra KO mice and Tnfaip3
LysM-KO
Il17ra
KO mice had increased splenic γδ T cell numbers compared to respective
WT controls ( Figure 1H ). Splenic CD8 + T cells were reduced in
Tnfaip3
LysM-KO mice and Tnfaip3
LysM-KO
Il17ra
KO mice compared to respective Tnfaip3 LysM-WT littermate controls at both ages ( Figure 1I ). 
| House dust mite-induced eosinophilic and neutrophilic airway inflammation is unaltered in the absence of IL-17RA-signalling
To investigate the requirement of IL-17RA-signalling on neutrophilic airway inflammation, we exposed young Tnfaip3 
T cells increase equally in Tnfaip3
LysM-KO and WT mice upon HDM sensitization, these populations remarkably increase with loss of IL-17RA-signalling.
| Loss of IL-17RA-signalling does not reduce lung Th2 cytokines in an HDM-sensitized model, but increases IL-17 production
The effects of IL-17 on Th2 differentiation in allergic asthma models depend on the allergen used and the timing of IL-17 exposure. 
LysM-KO
Il17ra
KO mice compared to their respective controls with functional IL-17RA-signalling ( Figure 3B ).
HDM-sensitized Tnfaip3
LysM-KO Il17ra KO mice had reduced IL-13 + and IL-5 + Th cells compared to HDM-sensitized Il17ra KO mice ( Figure 3B ). Figure 3B ). BAL IFN-γ-producing Th cells were only increased in
Il17ra
KO mice compared to either HDM-sensitized Il17ra KO or Tnfaip3 LysM-KO mice ( Figure 3B ).
In conclusion, lack of IL-17RA-signalling did not alter Th2 cytokines in HDM-sensitized mice, which correlated with the previously seen eosinophilic infiltrate. In contrast, IL-17-production and IFN-γ-production by Th cells significantly increased in HDM-sensitized mice lacking myeloid TNFAIP3 with absent IL-17RA-signalling.
| Myeloid TNFAIP3-deficient mice have IL-
17RA-independent increases in neutrophil chemokines upon HDM-sensitization
IL-17 may contribute to neutrophil chemokine (C-X-C motif) Figure 4B ). In contrast, Il23 expression was markedly increased in HDM-exposed Tnfaip3 LysM-KO Il17ra KO mice compared to Tnfaip3 LysM-KO controls ( Figure 4B ).
Next to IL-17A, Th17 cells can produce other cytokines, such as granulocyte-macrophage colony-stimulating factor (GM-CSF) 37 and IL-22, 38, 39 which are known to regulate neutrophil chemokines CXCL1/CXCL2 and directly attract neutrophils respectively. mRNA expression of Csf2 and Il22 was augmented in HDM-sensitized
Il17ra
KO mice compared to PBS-sensitized Il17ra KO mice ( Figure 4C ).
Only Il22 gene expression was further increased in HDM-sensitized
Tnfaip3
LysM-KO Il17ra KO mice lungs compared to HDM-sensitized Il17ra KO mice ( Figure 4C ). Both lung Csf2 and Il22 mRNA expression were enhanced in HDM-sensitized Tnfaip3
LysM-KO Il17ra KO mice compared to HDM-exposed Tnfaip3 LysM-KO mice ( Figure 4C ), which corresponded to the number of Th17 cells ( Figure 3B ).
In summary, myeloid TNFAIP3-deficient HDM-sensitized mice had elevated lung mRNA expression of the neutrophil chemokines Blockade of IL-17A also did not influence eosinophilic inflammation and Th2 cytokine secretion upon exposure to the HDM Der f allergen. 41 This is in contrast to ovalbumin (OVA)-mediated allergic airway models, where reduced eosinophilic inflammation, Th2 cytokines and airway hyperresponsiveness (AHR) were observed in either IL-17RA-deficient or IL-17-deficient mice. 27, 28 This suggests that the importance of IL-17 depends on the allergen/model used.
While IL-17-depletion during HDM challenges has no effect on eosinophilia and Th2 cytokines, 41 blockade of IL-17 during challenge in OVA-mediated models promotes Th2-mediated eosinophilic inflammation. 27 Treatment with recombinant IL-17 promotes inflammatory resolution upon OVA-mediated airway inflammation, 29 indicating that IL-17 during the resolution phase can be beneficial.
Next to airway type-2 inflammation, goblet cell hyperplasia was also almost completely absent in Tnfaip3 LysM Il17ra mice. Results are presented as mean ± SEM of n = 6 per group. *P < 0.05, **P < 0.01 Foundation (3.2.12.087, 4.2.13.054JO). We would like to thank Dr.
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